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1.  Introduction 


High  pressures  are  necessary  to  test  tubes  fabricated  from  structural  materials.  The  methods 
used  to  achieve  these  high  pressures  can  create  dangerous  conditions  in  the  laboratory. 
High-pressure  gases  or  fluids  require  extensive  safety  equipment  to  maintain  and  contain  the 
pressure  during  and  after  the  experiment.  A  safer  means  to  create  pressure  is  desired. 

A  safer  and  simple  method  to  generate  high-pressure  conditions  for  pressure  testing  small-diameter 
tubes  is  the  compressed  elastomer  method.  It  uses  a  piston  to  compress  an  elastomeric  cylinder 
or  plug  inside  a  tube  of  material.  The  resulting  Poisson’s  expansion  will  generate  pressure  along 
the  inner  wall  of  the  tube  sample.  One  of  the  attractive  attributes  of  this  test  is  that  once  the 
sample  fails,  the  elastomer  easily  compresses  and  quickly  lowers  the  stress  and  pressure  in  the 
system.  There  are  no  high-pressure  gases  or  fluids  to  contain.  Also,  the  use  of  a  solid  material  to 
generate  the  internal  pressure  removes  the  need  for  high-pressure  seals. 

In  this  work,  the  compressed  elastomer  technique,  as  described  in  Singh  et  al.  {1,  2)  and  further 
developed  by  Carter  (5)  and  Carter  and  Swab  (4),  was  utilized  for  the  internal  pressure  tests.  A 
schematic  of  the  test  is  found  in  figure  1,  and  a  photograph  of  the  actual  fixturing  is  in  figure  2. 
Compression  platens  are  used  to  compress  the  elastomeric  material  inside  the  tubular  sample. 

The  Poisson  expansion  resulting  from  the  compression  generates  pressure  on  the  inner  surface. 


Figure  1 .  Schematic  of  internal  pressure  test  with  a  cut-away. 

For  brittle  materials,  the  testing  should  be  performed  in  such  a  way  to  avoid  loading  too  closely 
to  the  edge  of  the  sample.  This  is  significant  so  as  not  to  apply  axial  loading  due  to  the  plug 
“mushrooming”  over  the  edge,  induce  an  edge  effect,  or  edge-induced  failure.*  While 


* 

Cutting  brittle  materials  may  introduee  a  new  flaw  population  at  the  eut  edges,  whieh  eould  skew  the  data  by  triggering 
failure  at  lower  levels.  In  eomposite  materials,  it  is  possible  to  have  different  material  properties  near  a  eut  edge  due  to  the 
eritieal  length  of  load  transfer  between  the  matrix  and  fiber. 
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Figure  2.  Compression  test  fixtures  in  a  test  frame. 

pressurizing  the  middle  section  of  a  tube  generates  a  non-uniform  stress  state  along  the  length  of 
the  sample,  the  stress  at  the  edges  can  be  significantly  lower  than  that  in  the  gage  section.  While 
this  prevents  edge-induced  failure,  finite-element  modeling  is  necessary  to  determine  the 
geometric  conditions  (length  of  the  sample  and  length  of  the  unloaded  sections  near  the  edges  for 
a  given  wall  thickness)  required  for  the  stress  state  in  the  gage  section  to  return  to  that  of  a 
uniformly  pressurized  tube. 

Another  area  for  concern  is  that  the  polymer  can  extrude  into  the  gap  between  the  compression 
platen  and  the  sample.  The  pressure  necessary  for  this  is  dependant  upon  the  size  of  the  gap  and 
the  stiffness  of  the  elastomer.  For  these  studies,  the  platen  diameter  was  machined  to  be  within 
0.3  mm  (0.01  in)*  of  the  inner  diameter  of  the  samples.  With  this  opening,  the  plug  would 
extrude  into  the  space  between  the  platen  and  the  sample  for  some  of  the  higher-pressure  tests  (in 
excess  of  100-150  MPa).  When  this  occurred,  the  pressure  would  level  off  while  the  platen 
would  continue  to  displace.  The  samples  would  not  fail,  and  the  platen  would  be  difficult  to 
remove  when  the  sample  was  unloaded.  To  avoid  the  problem  for  high-pressure  tests  (in  excess 
of  150-200  MPa  for  this  apparatus),  nylon  spacers  were  inserted  into  the  sample,  as  seen  in 
figure  3.  The  goal  of  adding  the  spacers  was  to  allow  the  Poisson’s  expansion  of  the  nylon  to  fill 
the  spaces  and  prevent  the  elastomer  from  extruding  around  the  platen.  Tests  have  been  run  well 
in  excess  of  300  MPa  without  showing  any  signs  of  extrusion  of  the  plug. 


A  tighter  fit  was  possible  but  this  platen  was  designed  to  aeeommodate  variations  in  the  fit  for  a  large  number  of  samples. 
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Compression 

Platen 


Tubular  Sample 


Elastomer  Plug 


Figure  3.  Schematic  of  a  high-pressure  internal  pressure  test  configuration. 


2.  Axial  Force  to  Internal  Pressure  Calculations 


The  pressure  generated  at  the  inner  surface  of  the  sample  is  related  to  the  applied  stress  in  the 
material.  To  analyze  this  situation,  one  starts  with  the  Hooke’s  Law  expression  for  the  strain  in 
the  X  direction  (the  axis  of  the  cylinder),  and  simplifies  it  by  recognizing  that  =  Ug  in 
axisymmetric  conditions  (5).  Using  this,  the  Hooke’s  Law  expression  for  axial  strain. 


becomes 


For  the  internal  pressure-test  sample,  cjr  =  -Pi  at  the  inner  surface,  which  allows  for  the  internal 
pressure  equation  to  simplify  to 

^  (3 

where  Pi  is  the  internal  pressure,  <Tx,  Ep,  Sx,  and  Vp  are  the  compressive  stress.  Young’s  modulus, 
axial  strain,  and  Poisson’s  ratio,  respectively,  for  the  plug  material.  This  expression  is  derived 
from  an  elasticity  solution  for  an  isotropic,  linear  elastic  material.  For  an  incompressible,  linear 
elastic  material  (v  =  0.5),  the  expression  in  equation  3  simplifies  to 


P  =  E  s  —a 

i  p  X  X 
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P  =  a-(7  , 

i  X  x’ 


(5) 


where  cr^  is  the  elastic  stress  for  a  given  s  in  the  plug.  The  dependence  of  the  internal  pressure 

on  the  stress  state  of  the  elastomer  makes  this  test  procedure  attractive  for  small-diameter 
samples.  The  amount  of  axial  compressive  force  needed  to  generate  a  given  pressure  is 
significantly  smaller  for  small-diameter  tubes  than  it  would  be  for  a  large-diameter  tube. 

It  is  important  to  note  that  if  large  deformations  are  used  for  these  tests,  the  engineering  values 
for  stress  and  strain  are  no  longer  correct,  and  true  stress  and  strain  values  should  be  used  for  this 
procedure.  These  values  are  found  from  the  engineering  stress  and  strain  values  by 

s  =  \n{\  +  e) 
a  =  a{\  +  e). 


where  <J  and  s  are  the  true  stress  and  strain  and  crand  ^•are  the  engineering  stress  and  strain  {6). 
A  plot  of  the  stress-strain  behavior  of  Dow  Coming  Silastic*  silicone  mbber  for  a  compression 
test  is  included  in  figure  4.  The  three  lines  are  the  engineering  and  tme  stress-strain  curves  and 
the  Mooney-Rivlin  fit  to  the  data.  Linear  regression  analysis  of  the  tme  stress-strain  values 
yields  a  slope  of  1.57  MPa  and  an  R  >  0.99.  Finding  the  Young’s  modulus  in  this  way  yields  a 
different  stress-strain  relation: 


(7{l  +  s) 

e  \n{\  +  ey 


(V) 


or 


E 


Eyn{\  +  ey 


(8) 


By  combining  equations  5  and  8,  the  expression  for  calculating  the  pressure  from  the  stress 
measurements  for  the  internal  pressure  test  procedure  is 


Eyn{\  +  sy 


1  +  ^. 


(9) 


The  value  is  the  applied  stress  to  the  plug  and  Sx  is  the  engineering  strain. 

If  the  elastomer  used  for  the  plug  is  incompressible  (i.e.,  has  a  Poisson’s  ratio  of  0.5),  and  the  test 
begins  with  the  plug  in  intimate  contact  with  the  inner  surface  of  the  sample,  a  hydrostatic  state 
is  generated  with  the  application  of  pressure.  By  this,  the  internal  pressure  would  equal  the  stress 
generated  by  the  applied  axial  force.  For  the  tests  performed  in  this  work,  the  plug  diameter  was 


Silastic  is  a  registered  trademark  of  Dow  Coming,  Midland,  ML 
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Figure  4.  Compressive  stress-strain  curve  for  the  Silastic  plug.  The  curved  line  is  the 
engineering  stress-strain,  and  the  other  line  is  the  true  stress-strain  plot  with 
a  best-fit  line.  The  equation  beside  the  best-fit  line  is  its  slope  and 
value. 

smaller  than  the  inner  diameter  of  the  sample.  This  required  a  certain  stress  state  in  the  material 
for  contact  to  be  made  with  the  inner  surface.  By  using  equations  5  and  8,  the  contact  stress  can 
be  subtracted  out  to  leave  the  pressure  value. 

Other  research  has  been  conducted  independently  on  this  procedure  at  Oak  Ridge  National 
Laboratory,  using  similar  procedures  and  materials  (7).  Instead  of  viewing  the  Silastic  materials 
as  a  linear  elastic  material,  hyper-elastic  theory  is  used  to  describe  the  material  response.  This 
theory  accounts  for  the  nonlinear  stress-strain  behavior  exhibited  during  large  deformations  of 
elastomeric  compounds.  There  are  several  equations  used  to  describe  the  behavior,  but,  for  the 
Silastic  compound,  the  Mooney-Rivlin  equations  are  adequate  to  describe  the  deformation  (as 
seen  by  the  fit  of  the  Mooney-Rivlin  line  to  the  data  in  figure  4).  The  resulting  expression  to 
describe  the  deformation  is 


r.  1  ^ 

2 

X - 

c, 

1 

X 

where  cf  is  the  stress  value  using  the  original  cross  sectional  area,  C;  and  C2  are  constants  fit  to 
the  data  of  an  unconstrained  compression  test,  and  X=\+e  (5).  Again,  the  pressure  term  is 
calculated  by  subtracting  the  (f  stress  value  from  the  measured  axial  stress,  as  shown  in 
equation  5. 


5 


3.  Experimental  Verification 


To  verify  if  this  method  is  accurate  in  determining  the  internal  pressure,  a  steel  control  sample 
was  used  since  it  allows  for  the  calculation  of  the  pressure  by  different  methods.  For  the  test, 
two  strain  gages  were  placed  around  the  sample  recording  the  hoop  strain.  The  internal  pressure 
was  calculated  using  the  linear  elastic  and  hyper-elastic  equations,  and  the  values  were  checked 
by  a  pressure  value  found  using  a  Lame  cylinder  analysis  of  the  experimental  hoop  strain  (5). 

The  hoop  stress  at  the  outer  surface  by  the  Lame  cylinder  solution  is 

Ir^P 

(11) 


where  r,  and  Vg  are  the  inner  and  outer  radii  and  P,  is  the  internal  pressure.  Rearranging  equation 
1 1  to  solve  for  the  pressure  value  gives 


P  = 


Ee 


s^H 


2r; 


(12) 


with  Es  being  the  Young’s  modulus  of  the  steel  and  sh  is  the  hoop  strain.  Figure  5  shows  the 
pressure  as  a  function  of  compressive  axial  force  during  the  test.  The  three  values  are  nearly 
superimposed  onto  each  other  and  show  sharp  agreement.  Figures  6  and  7  illustrate  the  response 
of  the  sample  to  the  applied  pressure.  Figure  6  shows  the  strain  response  to  the  internal  pressure, 
while  figure  7  illustrates  the  same  data  but  the  pressure  has  been  converted  to  a  stress  value, 
giving  the  material  stress-strain  curve  from  the  test.  The  slope  of  the  material  is  199  GPa,  which 
further  supports  the  results  since  the  modulus  of  steel  is  200  GPa.  Also,  figure  7  illustrates  two 
different  pressurizations  of  the  same  sample.  The  first  run  ramped  up  and  back  down  while  still 
in  the  elastic  range  of  the  material.  The  second  run  follows  the  same  loading  curve,  but 
continues  well  beyond  the  yield  point  of  the  sample. 
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Figure  5.  Results  from  the  internal  pressure  test  for  the  control  sample.  The  different 
lines  represent  the  pressure  values  found  using  the  linear  elastic,  Mooney- 
Rivlin  hyper-elastic,  and  Lame  cylinder  solutions.  The  lines  for  the  linear 
elastic  and  Mooney-Rivlin  solutions  are  superimposed. 


Strain 


Figure  6.  Strain  response  of  the  steel  tube  to  pressurization. 
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Hoop  Strain 


Figure  7.  The  stress-strain  response  of  the  steel  tube. 

The  quick  unloading  of  the  solid  plug  is  an  attractive  attribute  to  this  procedure  in  that  it  allows 
the  pieces  of  fractured  samples  to  be  captured.  For  the  Ceramic  Gun  Barrel  Program  Army 
Technical  Objective,  this  test  was  used  to  pressurize  candidate  ceramic  tubes  to  failure  {4).  It 
was  of  interest  to  determine  the  origin  of  failure  for  each  sample.  The  tests  were  conducted 
within  a  plastic  confinement  tube  which  was  filled  with  foam  rubber.  The  ceramic  was  wrapped 
with  duct  tape  and  placed  within  a  hole  cut  in  the  foam  rubber.  Upon  failure,  the  tape  and  foam 
contained  the  fragments,  allowing  for  easy  reconstruction  of  the  tube  for  fractographic  analysis. 
Minimal  effort  was  needed  to  reassemble  the  sample  in  figure  8. 


Figure  8.  Fractured  ceramic  specimen. 
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4.  Conclusion 


The  compressed-elastomer  method  is  a  simple  approach  to  generating  high  pressures  in  tubular 
samples.  The  approach  allows  for  converting  compressive  force  to  internal  pressure  without  the 
need  for  high-pressure  seals  and/or  high-pressure  fluids  or  gases.  The  quick  unloading  of  the 
sample  upon  fracture  allows  for  easier  collection  of  fragments  and  post-mortem  analyses. 
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PICATINNY  ARSENAL  NJ 
07806-5000 

I  COMMANDER 
US  ARMY  ARDEC 
AMSRD  AAR  AEM  C 
D  DEMELLA 
BLDG  61  SOUTH 
PICATINNY  ARSENAL  NJ 
07806-5000 

I  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  FSA 
A  WARNASH 
BLDG  I 

PICATINNY  ARSENAL  NJ 
07806-5000 


I  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  FSA 
B  MACHAK 
BLDG  I 

PICATINNY  ARSENAL  NJ 
07806-5000 

I  US  ARMY  ARDEC 
AMSTA  AR  FSP  G 
M  SCHIKSNIS 
BLDG  I 

PICATINNY  ARSENAL  NJ 
07806-5000 

I  US  ARMY  ARDEC 
AMSTA  AR  FSP  G 
D  CARLUCCI 
BLDG  I 

PICATINNY  ARSENAL  NJ 
07806-5000 

I  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  WEA 
J  BRESCIA 

PICATINNY  ARSENAL  NJ 
07806-5000 

I  PM  MAS 

SFAE  AMO  MAS 
PICATINNY  ARSENAL  NJ 
07806-5000 

I  PM  MAS 

SFAE  AMO  MAS 
CHIEF  ENGINEER 
PICATINNY  ARSENAL  NJ 
07806-5000 

I  PM  MAS 

SFAE  AMO  MAS  PS 
PICATINNY  ARSENAL  NJ 
07806-5000 

I  PM  MAS 

SFAE  AMO  MAS  EC 
PICATINNY  ARSENAL  NJ 
07806-5000 


12 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


I  COMMANDER 

US  ARMY  TACOM 
PM  COMBAT  SYSTEMS 
SFAE  GCS  CS 
6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

I  COMMANDER 

US  ARMY  TACOM 
AMSTA  SF 

WARREN  MI  48397-5000 

I  OFC  OF  NAVAL  RESEARCH 

J  CHRISTODOULOU 
ONR  CODE  332 
800  N  QUINCY  ST 
ARLINGTON  VA  22217-5600 

1  COMMANDER 
US  ARMY  TACOM 

PM  SURVIVABLE  SYSTEMS 
SFAE  GCSS  W  GSI H 
M  RYZYI 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

2  SFSJM  CDL 

HQ  US  ARMY  JOING 
MUNITIONS  COMMAND 
AMSIO  SMT 
R  CRAWFORD 
W  HARRIS 

I  ROCK  ISLAND  ARSENAL 
ROCK  ISLAND  IE  61299-6000 

2  COMMANDER 

US  ARMY  AMCOM 
AVIATION  APPLIED  TECH  DIR 
J  SCHUCK 

FORT  EUSTIS  VA  23604-5577 
I  NSWC 

DAHLGREN  DIV  CODE  G06 
DAHLGREN  VA  22448 

I  US  ARMY  COLD  REGIONS 
RSCH  &  ENGRNG  LAB 
P  DUTTA 
72  LYME  RD 
HANOVER  NH  03755 


I  COMMANDER 

US  ARMY  TACOM 
AMSTA  TR  R 
D  TEMPLETON 
WARREN  MI  48397-5000 

5  BENET  LABS 
AMSTA  AR  CCB 
E  KATHE 
R  HASENBEIN 
AMSTA  CCB  R 
E  HYLAND 
D  CRAYON 
R  DILLON 

WATERVLIET  NY  12189-4050 

1  NSWC 

TECH  LIBRARY  CODE  B60 
17320  DAHLGREN  RD 
DAHLGREN  VA  22448 

2  USA  SBCCOM 
MATERIAL  SCIENCE  TEAM 
AMSSB  RSS 

J  HERBERT 
M  SENNETT 
KANSAS  ST 
NATICK  MA  01760-5057 

2  COMMANDER 
NSWC 

CARDEROCK  DIVISION 
R  PETERSON  CODE  2020 
M  CRITCHFIELD  CODE  1730 
BETHESDA  MD  20084 

3  US  ARMY  SBCCOM 
SOLDIER  SYSTEMS  CENTER 
BALLISTICS  TEAM 
JWARD 

P  CUNNIFF 

MARINE  CORPS  TEAM 
J  MACKIEWICZ 
KANSAS  ST 
NATICK  MA  01760-5019 

I  AFRL  MLBC 

2941  P  ST  RM  136 

WRIGHT  PATTERSON  AFB  OH 

45433-7750 
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8  NSWC 

J  FRANCIS  CODE  G30 
D  WILSON  CODE  G32 
R  D  COOPER  CODE  G32 
J  FRAYSSE  CODE  G33 
E  ROWE  CODE  G33 
T  DURAN  CODE  G33 
L  DE  SIMONE  CODE  G33 
R  HUBBARD  CODE  G33 
DAHLGREN  VA  22448 

I  NSWC 

CARDEROCK  DIVISION 
R  CRANE  CODE  6553 
9500  MACARTHUR  BLVD 
WEST  BETHESDA  MD  20817-5700 

3  AFRL  MLMP 
F  ABRAMS 
J  BROWN 
R  THOMSON 
2977  HOBSON  WAY 
BLDG  65RM2I5 
WRIGHT  PATTERSON  AFB  OH 
45433-7739 

1  AFRL  MLS  OL 
L  COULTER 
5851  FAVE 

BLDG  849  RM  AD  I A 
HILL  AFB  UT  84056-5713 

2  DARPA 
S  WAX 

L  CHRISTODOULOU 
3701  N  FAIRFAX  DR 
ARLINGTON  VA  22203-1714 

3  NIST 

J  CHIN  MS  8621 
J  MARTIN  MS  8621 
DDUTHINH  MS  8611 
100  BUREAU  DR 
GAITHERSBURG  MD  20899 

3  PACIFIC  NORTHWEST  LAB 
M  SMITH 
G  VAN  ARSDALE 
R  SHIPPELL 
PO  BOX  999 
RICHLAND  WA  99352 


1  ALLIANT  TECHSYSTEMS  INC 
4700  NATHAN  LN  N 
PLYMOUTH  MN  55442-2512 

2  AAI CORP 
B  ENGEL 
P  SHIPLEY 
PO  BOX  126 

HUNT  VALLEY  MD  21030-0126 

3  ALLIANT  TECHSYSTEMS  INC 
J  CONDON 

ELYNAM 

J  GERHARD 

WVOI  16  STATE  RT  956 

PO  BOX  210 

ROCKET  CENTER  WV 

26726-0210 

1  PRATT  &  WHITNEY 
C  WATSON 

400  MAIN  ST  MS  1 14  37 
EAST  HARTFORD  CT  06108 

5  NORTHROP  GRUMMAN 
B  IRWIN 
K  EVANS 
D  EWART 

A  SHREKENHAMER 
J  MCGLYNN 
BLDG  160  DEPT  3700 
1 100  W  HOLLYVALE  ST 
AZUSA  CA9I70I 

2  GENERAL  DYNAMICS  OTS 
FLINCHBAUGH  DIV 

K  LINDE 
T  LYNCH 
PO  BOX  127 
RED  LION  PA  17356 

2  UDLP 

G  THOMAS 
M  MACLEAN 
PO  BOX  58123 
SANTA  CLARA  CA  95052 

2  UDLP 

R  BRYNSVOLD 
P  JANKE  MS  170 
4800  E  RIVER  RD 
MINNEAPOLIS  MN  55421-1498 
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I  LOCKHEED  MARTIN 
SKUNK  WORKS 
D  FORTNEY 
lOII  LOCKHEED  WAY 
PALMDALE  CA  93599-2502 

I  NORTHROP  GRUMMAN  CORP 
ELECTRONIC  SENSORS 
&  SYSTEMS  DIV 
ESCHOCH  MS  V  16 
1 745 A  W  NURSERY  RD 
LINTHICUM  MD  21090 

I  GDLS  DIVISION 
D  BARTLE 
PO  BOX  1901 
WARREN  MI  48090 

I  GDLS 
M  PASIK 
PO  BOX  2074 
WARREN  MI  48090-2074 

I  GDLS 

MUSKEGON  OPER 
M  SOIMAR 
76  GETTY  ST 
MUSKEGON  MI  49442 

I  SAIC 

G  CHRYSSOMALLIS 

8500  NORMANDALE  LAKE  BLVD 

SUITE  1610 

BLOOMINGTON  MN  55437-3828 

1  PENN  STATE  UNIV 
R  S  ENGEL 

245  HAMMOND  BLDG 
UNIVERSITY  PARK  PA  1 680 1 

2  PENN  STATE  UNIV 
C  BAKIS 

A  SEGALL 
212  EARTH  ENGR 
SCIENCES  BLDG 
UNIVERSITY  PARK  PA  16802 

I  UNIV  OF  DELAWARE 

CTR  FOR  COMPOSITE  MTRLS 
J  GILLESPIE 
201  SPENCER  LAB 
NEWARK  DE  1 97 1 6 


I  DEPT  OF  MTRLS 
SCIENCE  &  ENGRG 
UNIV  OF  ILLINOIS 
AT  URBANA  CHAMPAIGN 
J  ECONOMY 
1304  W  GREEN  ST  II5B 
URBANA  IE  6 1 80 1 

I  OAK  RIDGE  NATL  LAB 

A  WERESZCZAK  MS6068 
PO  BOX  2008 
OAK  RIDGE  TN  37831 

I  OAK  RIDGE  NATL  LAB 

ELARACURZIO  MS6069 
PO  BOX  2008 
OAK  RIDGE  TN  37831 

I  CONNECTICUT  RESV  TECH  INC 
S  DUFFY 

10030  GREENWICH  DR 
STRONGSVILLE  OH  44136-2596 

ABERDEEN  PROVING  GROUND 

I  US  ARMY  ATC 

CSTE  DTC  AT  AC  I 
W  C  FRAZER 
400  COLLERAN  RD 
APG  MD  21005-5059 

39  DIRUSARL 

AMSRD  ARE  Cl 
AMSRD  ARE  O  AP  EG 
M  ADAMSON 
AMSRD  ARE  SL  BM 
DBELY 

AMSRD  ARE  WM 
J  SMITH 

AMSRD  ARE  WM  B 
M  ZOLTOSKI 
J  NEWILL 

AMSRD  ARE  WM  BA 
DLYON 

AMSRD  ARE  WM  BC 
P  PLOSTINS 
AMSRD  ARE  WM 
J  MCCAULEY 
AMSRD  ARE  WM  M 
S  MCKNIGHT 
AMSRD  ARE  WM  MA 
M  VANLANDINGHAM 
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AMSRD  ARE  WM  MB 
J  BENDER 
T  BOGETTI 
L  BURTON 
R  CARTER 
W  DE  ROSSET 
W  DRYSDALE 
R  EMERSON 
DGRAY 
RKASTE 
L  KECSKES 
M  MINNICINO 
J  SOUTH 
M  STAKER 
JSWAB 
J  TZENG 

AMSRD  ARE  WM  MC 
M  MAHER 
D  GRANVILLE 
AMSRD  ARE  WM  MD 
ECHIN 
J  LASALVIA 
J  SANDS 
S  WALSH 

AMSRD  ARE  WM  TA 
C  HOPPLE 
S  SCHOENFELD 
AMSRD  ARE  WM  TB 
P  BAKER 

AMSRD  ARE  WM  TC 
R  COATES 
AMSRD  ARE  WM  TD 
T  BJERKE 
T  WEERASOORIYA 
AMSRD  ARE  WM  TE 
B  RINGERS 
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